ABSTRACT: The vagile epibenthic fauna of seagrass beds (Zostera rnucronata, Posidonia australis, P. sinuosa) and bare intertidal muds have been studied near a large lead smelter. Collections were made in winter and summer. The community parameters species nchness, species composition and the abundance of species have been used to investigate the distribution of fauna in the study area. Four independent patterns were discerned in the fauna1 distributions. These patterns clearly delineated the intertidal from the subtidal faunas, and the 2 most significant could be correlated, in the subtidal fauna, with certain sediment parameters previously measured. The first pattern (shown by 20 common, mostly fish, species) described decreased frequencies correlated with the concentration of contaminant metals in the sediments (Cd, Cu, Pb, Mn and Zn). The second (shown by 15, mostly less common crustacean species) revealed the frequencies of species to be correlated with particle size characteristics. We conclude that both contaminant metals and sediment particle size have substantial controlling effects on the community structure of this epibenthic seagrass fauna as well as that due to seagrass habitat. The contaminant metals had more effect on fishes than crustaceans of the study area, and there is little evidence of exploitation of the contaminated area by opportunistic epibenthic species.
INTRODUCTION
Few studies have attempted to examine the ecologial effects of trace metals in the marine environment. ome have used large scale (Grice et al., 1977) artifiial enclosures (CEPEX experiments) to test the cological effects of selected metals but these are usully restricted to examination of planktonic organisms nd food webs. Field studies of polluted sites ( e. g. alcrow et al., 1973) are complicated by the presence f numerous pollutants in the effluent, each of which ay have different environmental behaviour, magitude and sites of effect. The effects of these materials commonly pesticides, organic industrial wastes, susended solids, nutrients) cannot b e simply isolated rom those of trace metals and must be the sum of ffects of all such pollutants. Thus conclusions drawn rom such studies are highly site-specific and cannot e extrapolated to other field situations.
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The need for field, as opposed to laboratory, ecological studies of the effects of trace metals has been widely identified (e. g. Waldichuck, 1973; Cole, 1979) yet recent work has been mainly concerned with shortterm toxicity or bioaccumulation of metals (reviewed by Phillips, 1977) . The ecological effects of trace metals are poorly understood, with little information available for metals other than mercury (Bryan, 1976) .
The present study examines the community structure of the epibenthic vagile seagrass fauna near a large lead smelter. The smelter is located in a rural environment, a n d there are no other industries nearby. Since 1939 most of the liquid effluents from the smelter have been directed to First Creek, which opens into Spencer Gulf about 4 km northwest of the smelter works. The Gulf sediments near the outfall of First Creek are contaminated with Cd, Cu, Mn, Pb a n d Zn (Ward a n d Young, 1981) . The outfall of First Creek forms a point source for these metals a n d their concentrations in the
MATERIALS AND METHODS
sediments decreases with increasing distance from First Creek (exept for Cd). Four major shallow water habitats were identified on the basis of depth and floral cover (Ward and Young, 1981) These habitats form contiguous zones parallel to the shore and are continuous throughout and adjacent to the study area. Despite the high concentrations of metals in the sediments near First Creek the distribution of the seagrasses appears to be unaffected, and all appear healthy and vigorous. Previous studies (Young and Wadley, 1979) have shown that species composition and richness of epibenthic vagile fauna from an Australian seagrass area may vary with depth, seagrass species and water temperature and salinity. The salinity of Spencer Gulf in the study area is high (40 to 47 %) and relatively homogenous but varies seasonally (Anon, 1980; unpubl. own data) . Temperature variations are related mainly to depth (unpubl. own data).
The unique characteristics of this area -a large isolated lead smelter and an homogenous marine envi- Fig. 1 . Location of sites in Port Pirie study area ronment -have enabled us to investigate the faunal assemblages in each of the four major habitats, and to Three transects were established perpendicular to the coast each passing from the shoreline towards deeper water. Transect A commenced near the mouth of First Creek, which carried the liquid effluent from the smelter to Spencer Gulf. Transects B and C were established 8 and 16 km south west respectively (Fig. 1) . On each transect 4 sites were established, each centrally situated within the predominant habitat type (details of depths and habitats may be found in Ward and Young, 1981) . Each site was characterised by its transect and site number, thus Al, B1 and C1 were the intertidal unvegetated sites on Transects A, B and C; A2 B2 and C2 were sites on intertidal Zostera mucronata, and so on. The concentrations of contaminant metals in the sediments and the dominant floral species at each of the sites (from Ward and Young, 1981) are given in Table 1 . The epibenthic vagile fauna at each site was sampled at high tide using as sampling gear a 1 m roller beam trawl with 2 mm mesh body and 1 mm mesh cod end. The trawl was towed between markers for 50 m at 0.04 m S-'; after each haul the catch was collected and preserved for identificastudy any differences that may relate to the trace metal content of the sediments described by Ward and Young (1981) . We avoid the use of indices of diversity in our analysis of the community because of the attendant theoretical drawbacks and because they are of little practical value in assessing subtle effects of pollutants on faunal assemblages in coastal systems (Heck, 1976 tion at the laboratory. Full details of the sampling method may be found in Young and Wadley (1979) . Each site was sampled in triplicate on 3 occasions:
(1) during the day in winter; (2) during the night in winter (7th to 16th August, 1979) ; (3) during the night in summer (3rd to 5th March, 1980) . The only missing samples occurred at C1 during winter when samples could not be collected at night because of bad weather. With this sampling strategy the effect of 4 sites, 3 transects and 3 times could be investigated by 3-way analysis of variance, and interactions between the three main factors examined. The factor relating to contaminant metals was that of transect. It was expected that differences between Sites 1 to 4 and sampling times should occur naturally. However, the null hypothesis of no transect difference would predict that site or time differences should be the same on all 3 transects; if a transect effect or transect interaction occurred this would be evidence for the influence of the trace metal concentrations, particularly if the order of difference passed along the gradient Transect A, Transect B to Transect C in the same manner as the gradient of metals in sediments (Ward and Young, 1981) .
Previous studies have shown that the species richness of seagrass fauna is binomially distributed (Young, 1981) , therefore species richness counts (number of species per sample) were examined by analysis of variance after transformation to square roots to homogenize the variance.
The problems associated with investigating the distribution of species composition were resolved by the use of a combination of classification and ordination procedures. The samples were first classified by the program Multbet (Milne, 1976) using, as attributes, the presence or absence of all species present in the whole collection (106). Multbet is a polythetic agglomerative program providing an information statistic classification of binary data. The coherency of replicates was then tested by the methods of Sandland and Young (1979a, b) and if consistency between replicates in the collection was observed, the triplicates were then pooled delegating a frequency value between 0 and 3 for each species. This pooling was considered necessary to minimise the variance in this heterogeneous collection. The pooled samples were then classified using the frequency data of the 106 taxa by the program Cenperc (Milne, 1976) . This program is a polythetic agglomerative program which provides a n information statistic classification of frequency data. The particular algorithm used treats the frequencies of all species as a multistate variable. A principle co-ordinate analysis was then made on the intersite dissimilarity matrix (program Gower) producing linear combinations of scores for each sample on each eigenvector. Those scores reflected each major dissimilarity gradient in the collection and the efficiency of the ordination in extracting major changes in community composition was then checked by comparison with the classification. The 4 major trends (shown by the scores of Eigenvectors I to IV) were then subjected to analysis of variance to detect which patterns of dissimilarity, if any, related to sites, time or transects. Finally, the diagnostic program Gowecor (Milne, 1976) was used to correlate the sample values of the original variables (species frequencies) with those of each set of eigenvectors to determine the identity of the groups of species best reflecting each dissimilarity gradient.
RESULTS

Species Richness
A total of 106 taxa were delineated, the majority of which were identified to species level. The analysis of variance of species richness (number of species per sample) was significant for sites, times and transects, but the interaction terms sites X times, transects X sites and sites X time X transects were also significant. From this interaction it is concluded that species richness varied between transects, as well as between sites and times, but its effect was not uniform at all sites, nor at all times at these sites.
Examination of the means of transformed species counts for each set of replicates by least significant difference enabled us to detect the nature of these interactions (Table 2) .
On all transects, at all sampling times, samples from Site 1 had less species than all of those from any other site on its particular transect. This difference was significant for all transects and times except in the winter day samples when A1 and C1 were not significantly different from A2 and C2 respectively and in the winter night samples when A1 was not significantly different from A2 or A3. At Sites 1 the number of species did not differ significantly either between transects within time, or with time within transects. Sites 1 are therefore characterised by low species counts and reduced variability.
In contrast, Sites 2 usually displayed significant changes in species richness between transects on all 3 sampling occasions, caused by fewer species at A2 compared with B2 and C2. Sites B2 and C2 did not differ significantly on any sampling occasion. The samples taken at A2 in winter (day and night) were particularly depauperate, approaching the low numbers of A l .
The species richness of Sites 3 showed a similar change with transect to that at Sites 2. Regressively more species occurred in sampling from A3 to B3 to C3 on each sampling occasion. More species were present at night in summer than in winter on each transect and Lsd P 5 0.01; 0.775 M missing samples least were present during the day in winter. Greatest temporal changes in these sites occured at B3 where the low winter day counts did not differ from those at A3 whilst the high summer night counts did not differ from those at C3. At Sites 4 more species were again collected progressively from A4 to B4 to C4 but the only occasion that the differences were significant was in the winter night samples when C4 counts were significantly higher than at A4 and B4. More species were present at night in summer than in winter and least during the day in winter, with greatest variability at B4.
Species Composition and Abundance
The initial Multbet classification showed significant clustering of replicates to the 15 group level. It was therefore considered that replicates were sufficiently similar to be pooled for further analysis without loss of critical information. The Cenperc classification (Fig. 2) clearly extracted differences between sites, transects and time. However, the pattern of branching of the dendrog~am indicated that the three factors interacted to give a complex picture. At the two-group level; all except two samples from Sites 1 and 2 were separated from those of Sites 3 and 4. On the next subdivision of this group of Sites 1 and 2 all but one sample from Site 1 separated from the Site 2 samples, showing little transect influence at this level. In the second group site, time and transect influences were mixed. The group split at a high level of the hierarchy and at this level the classification separated the winter and summer night samples of C3 and C4, placing with them the summer night samples from B3 and B4, thus discriminating between transects, but in a complicated way. The third group consisted of the remaining samples from Sites 3 and 4 together with day and night winter samples from A2. On subdivision, these 2 samples from A2 grouped together with winter day and night samples from A3 and winter day samples from A4. Transect influence thus was apparent but again discriminating in a complicated way. The major difference between the fauna of Sites 1 and 2 and that of Sites 3 and 4 dominate the analysis but a strong interaction between time and transect combine to give a confused result at lower levels of the classification. The ordination recovered the major patterns revealed by the classification, and by separating the differences into orthogonal gradients clarified the relative importance of the transect differences implied in the classification. The presence of so many interactions however, suggests that the ordination should be interpreted with care. Only 52.6 % of the variance was extracted by the first 4 eigenvectors (26.4, 11.5, 8.5, 6.3 respectively), suggesting that either many distributional patterns occur within the large number of species involved, or that the restricted numbers of many species require more extensive sampling to adequately assess their distribution.
Despite these reservations, the analysis of variance showed significant differences between sample scores for these first 4 eigenvectors ( Table 3) . As expected, at least one interaction term was significant on each vector, but examination of the plotted scores showed that the ordination extracted all the principal fauna1 differences revealed in the classification, and enabled them to be related to environmental differences between sites.
.WINTER The first eigenvector retrieved the major difference in the classification shown between Sites 1 and 2 and Sites 3 and 4 (Fig. 3a) . This eigenvector also demonstrated that -although little consistent transect difference was present at Sites 1 -differences occurred at all other sites across transects, though varying in degree according to the time of sampling. These differences, consisting of a progressive change from Transect A to B and C at Sites 2, 3 and 4, were present to some degree on all sampling occasions. In all samples from Sites 2 and the summer samples at Site 4, scores rose from Transect A to C, whereas those from Site 3 and the Site 4 winter samples fell. This produced a gradient of change in which Sites 2 became progressively less similar to Sites 3 and 4 in passing from Transect A to C. However, the summer samples from Sites 4 became more similar to Sites 2 in passing from Transect A to C. The 20 species best correlated to this pattern are all relatively abundant and include all except one of the species diagnostic for the classification of differences between Sites 1 and 2 and Sites 3 and 4 (Table 4) . The frequency and mean abundance of most of these species increase at Sites 3 and 4, but a few increase at Sites 1 and 2. The majority of these species, at most sampling times, became less frequent and less abundant in sites passing from Transect C to A. This produced a low species richness at Transect A and concomitantly an overall faunal similarity between sites at this Transect (also revealed in the classification - Fig. 2) . However, the summer samples from Sites 4 were exceptional in that these species were generally less frequent and less abundant at C4 than at A4 or B4.
DAY SAMPLES WINTER NIGHT SAMPLES
The differences shown by Eigenvector ( Fig. 3a ; Table 4) suggest that in summer this loss of abundant pecies at C4 was compensated by the occurrence of a roup of species with distributions different from those f the species associated with the primary pattern escribed by Eigenvector f. The distributions of this ew group of species results in the separation of Sites 1 rom Sites 2 on the basis of eigenvector scores (consisent with the differences observed in the classificaon), and in the partitioning of sites in a gradient from to B to C in all samples from Sites 4 and in the ummer samples from Sites 3 (Fig. 3a) . The frequencies nd abundances of the 15 species positively correlated this pattern (Eigenvector a; Table 4 ) showed that ese species were generally less frequent and with w abundances in the study area. Many of these pecies were absent in winter or restricted to Sites 4. In ummer they occurred much more often and extended eir range to include Sites 3. In both seasons their requencies and abundances declined from Transect C Transect A. Three species were negatively correted to this pattern and, by occurring rarely at Site 1, re largely responsible for the differences between ites 1 and 2 shown by the scores of Eigenvector E Table 4 ). The scores of Eigenvectors and E emphasized ifferences at Sites 3 and 4. These discriminated the inter night samples at C3 and C4 from the summer ight samples at B3, B4, and C 3 (Fig. 3b) . These differnces reflect the partitioning of these samples in the lassification (Fig. 2) , and examination of the species est correlated to the 2 eigenvectors showed that these ifferences are due largely to (a) infrequent species, ccurring predominantly at sites B3, B4, and C3 in ummer, (b) infrequent species, occurring principally t site C 3 in winter (Table 4) .
Fifty species failed to correlate to any patterns emonstrated by the ordination (Table 5) ; 23 occurred nly once, the remaining 27 were rare species comprisg 15 crustaceans, 11 fish and 1 mollusc. Their failure associate with the 4 main patterns described indiates that their distributions change in some other anner, or that insufficient data was collected to disern a pattern. Although they may not be affected by ediment trace metals or particle size this cannot be oncluded from the present study.
DISCUSSION
he 4 sites on each transect examined in this study nged from mid-intertidal bare mud through intertial seagrasses to subtidal seagrassed sites. Each of the sites contained sets of epibenthic species that did not verlap with the other sites, as well as more generally istributed epibenthic species that ranged over 2 or ore sites on a transect. This resulted in greatest faunal differences between the intertidal and the subtidal sites. This is not surprising, given the substantial physical differences between such sites. Such depthrelated differences have been previously described in seagrasses (Young and Wadley, 1979) and differences between seagrass meadows are known to persist through the year (Young, 1981) . What is noteworthy, however, is that the differences observed between the intertidal and subtidal fauna increased progressively from Transects A to B and C. Thus Transect A had the most similar fauna across all four sites while Transect C had the least similar fauna across sites. This modification ot the primary "between site" differences, although insufficient to prevent discrimination of the intertidal from the subtidal fauna, nevertheless masked any potential differences between the fauna of Sites 3 and 4. As 2 eigenvectors were required to display this variability between the two deeper sites, it occurred in at least 2 independent ways.
The major environmental variation between transects at Sites 3 and 4 pertained to trace metal concentrations and sediment particle size. These have previously been shown to vary independently of each other across these study sites (Ward and Young, 1981) . Computation of the correlation coefficient between the concentrations of each trace metal and the eigenvector scores of samples from Sites 3 and 4 demonstrated that the variation described by Eigenvector f at these sites was significantly correlated to the sediment concentrations of several trace metals (Table 6 ), but only in winter samples.
By contrast, the variation at Sites 3 and 4 shown by Eigenvector G a s correlated to Cu, total organic carbon (TOC) and to sediment particle size, principally in the summer samples. This faunal variability was attributable mainly to 13 crustaceans and 2 fishes. These occurred principally in summer and produced the relationship at this time. All the crustaceans live close to the sediment surface and some (e. g. Pontophilus intermedius) are shallow burrowers. Most showed greater frequencies as the proportion of fine sediments decreased, however three ubiquitous species (Leander intermedius, Portunus pelagicus and Syngnathusphillipi] occured more frequently at Transect A when caught at Sites 3 and 4, suggesting that these species preferred the finer particle sizes there. Although Cu was also correlated to this pattern, its distribution is also correlated to TOC, clay and sand in this study area (Ward and Young, 1981) , and its correlation with the faunal change most probably reflects this association rather than a direct faunal/metal relationship.
The faunal variability shown by Eigenvector f at Sites 3 and 4 and correlated with trace metal concentrations was mostly due to a reduction in frequency (and also abundance) of 14 fish species and six crustaceans with increased sediment concentrations of the contaminant metals. Four of these fish species predominated in the Zostera mucronata habitat (Site 2) these were Favonigobius lateralis, Lizagobius galwayi, Taeniomembras microstomus, and Helotes sexlineatus. However, when they occurred in Posidonia australis or P. sinuosa (Sites 3 and 4), they also showed the decline towards sediments with high metal concentrations. All these species occurred frequently with high abundances, comprising 14 of the 18 most abundant fish, and 6 of the 23 most abundant crustaceans (Table 4) . Since the overall ratio of fish to crustaceans in the collection was 1:2, this suggests that the fish species are more susceptible than the crustaceans to increases in trace metal concentrations. These fishes are mainly carnivores, with the exception of 3 common species Acanthaluteres spilomelanurus, Syngnathus poecilolaemus and Helotes sexlineatus, the first 2 of which are omnivores (Scott, 1981) while the latter is an algal hervibore (unpubl. own data). Thus it is apparent that the gradient of effects of the metals is not restricted to fishes of any one general feeding category. The presence only in winter of this metal-related faunal variability suggests a seasonally mediated toxicity. However, this could be equally well explained by the ingress, in summer, of new recruits from uncontaminated areas. Significant differences in body metal loads have been found for several species of the fish at Transect A (unpubl. own data), and it is probable that the observed faunal decline is caused by metal toxicity. The species of this group became less frequent and less abundant towards the contaminated seagrasses at Transect A and it is clear that despite the consequent availability of the primary resources of shelter and food (Kikuchi, 1980; Robertson, 1980) at such sites, metal resistant, opportunistic epibenthic species exploit neither this contaminated area nor the seagrasses at Transect B where sediment concentrations of metals are much lower.
The loss of species ascribed here to the effects of trace metals is consistent with the effects of other pollutants on benthic fauna (Gray, 1979) . However, such a reduction in species richness was not found in seagrass fauna affected by pulp mill effluent (Heck, 1976) . This may be due to different modes of action of the contaminants, the metals producing a direct toxic effect, whilst the pulp mill effluent modified the habitat (Heck, 1976) . Alternatively the difference may be due to the great range of metal concentrations in the sediments here. Possibly, in areas with slightly elevated metal concentrations, species abundance -but not richness -may decline, as was found by Heck (1976) .
The sediment concentrations of Cd, Pb and Zn at Transect B, about 8 km from the primary source, were lower than those noted to have substantial sublethal effects (burrowing response) on the clam Macoma balthica (McGreer, 1979 ). The present study shows, however, that even at such levels the community structure responds holistically to the contaminants by a decrease in species richness, and reduced incidences and abundances of frequent species and as such is probably the best indicator of the effects of long term contamination by trace metals.
The 2 primary environmental gradients discussed here -contaminant trace metals (Cd, Cu, Pb, Mn and Zn) and sediment particle size -appear to exert substantial control over the community structure of the fauna of the contaminated area. The fauna here is extremely depauperate, with metals responsible for effects on the majority of the common fishes and on several of the most common crustaceans. In addition, the fine sediments of the contaminated area further restricts the distribution of a number of crustacean species. Since these epibenthic species are prey for many higher predators, including commercial fish species, squid, sharks, seabirds and dolphins, the contaminated area probably supports fewer species at all consumer trophic levels.
In this study sediment parameters have been used to explain the observed patterns of fauna1 distribution. Whilst the sediment metal concentrations are probably related to water column metal concentrations, it is not clear whether it is metals of the water or of the sediments that are mainly responsible for the observed effects. The effects of the metals could also be mediated partly through the disruption of normal ecological interactions (such as predator-prey relationships) although the existence of these effects has yet to be demonstrated. The contribution of direct metal toxicity to the overall pattern of metal effects in the study area is now being investigated and a series of field experiments designed to evaluate the direct toxicity of water metals to selected epibenthic species in the field is now underway.
